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In a recent issue of the NEW YORK TIMES 
MAGAZINE, British historian Edward Crank- 
shaw wrote: 

“The Red rockets’ glare seems to have blinded 
Americans. It has led them to forge t the sources 
of their true strength—the libe rty and the de- 


mocracy to which... orators... pay tribute. 


‘The only danger is that Americans allow 


themselves to be stampeded into believing for- 


erer that technology IS al and that the great 
American values must be sacrificed to the more 
efficient manufacture of motorcars and sky- 
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military might for all the world to view, there is 
1+ 


no need to argue tnat Our missile tecnnology mt 





be superior, that our planes must be swifter, 
atomic weapons more advanced, our 
stronger. They simply must be. . . if we wish to 
insure our survival as a na 

Nor need we argue an equally obvious point: 
we must not only strive for a defense systen 
that is second to none, but simultaneously pre- 
serve and protect our traditional values. It is 
important that we do not allow ourselves to 
be “‘stampeded”’ into purchasing survival with 
the very methods we are defending ourselves 


against. We must guarantee the _ integrity 














foward more effective 


Research and Development 


of the individual and provide the incentives 
for individual growth and achievement. For 
only through harnessing the energies of the 
free enterprise system can we realize both 


f ‘ 


superior defense and a better life for all. 


These twin pursuits are compatible. But we 
must rely on the traditional American way it 
which we compete, create and do business. The 
same system that has made us the most power- 
ful nation in the world will, if we let it, help us to 
organize and administer the work of R&D so 
that we can break the bottlenecks which are 
holding back new ideas and thwarting new tech- 


niques for bold technological progress. 
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Put Cc inderst inding > tal to ft Si¢ R&D 
problems and solutions. A democratie systen 
demands that public knowledge and support 
form the foundation of action programs designed 
to streamline Our scientific machiner sim- 
plify organizatior clarify responsibilities 
mprove financing and give us that defense 
posture hich is second to none. 

The articles in this issue provide a wellspring 
for that understanding. For they are writter 
men charged with the direction of U.S. military 


technology at its R&D origins. 


In the pages that follow, each author provides 
a personal and penetrating insight into the 
enormous problems and challenges that face 
America’s R&D effort .. . problems that must be 
recognized and understood by all of us if we are 
to avoid being blinded by “the Red rockets’ 


glare’’—-if we are to move swiftly and sensibly 


toward more effective research and develop- 


ment. 








When Dr. James R. Killian, Jr. was appointed 
President Eisenhower's Special Assistant for Science 
and Technology last November, he assumed duties 
new only in scope. He has been a leader in U.S. 
scientific and engineering circles since his gradua- 
tion from Massachusetts Institute of Technology. 

In 1949, Dr. Killian became the first alumnus to 
take over the MIT presidency. Under his quiet, 
thorough and dynamic leadership the Institute has 
expanded greatly, increased its defense research, 
and initiated a new program of humanities for 
engineers. 

One of the 10 original members of the Army's 
Science Advisory Panel, formed in 1951, he has 
always been readily available for public service 
activities. For his contributions to the nation, he has 
received the President's Certificate of Merit(1948), 
the Freedoms Foundation Award (1942), and the 
Decoration for Exceptional Civilian Service (1957) 
from the Department of the Army. 

Now on leave from his post at MIT, Dr. Killian's 
busy Washington schedule leaves him little time 
for recreation, though he does manage a “little 
painting’... and still pursues avidly first editions 
of George Meredith's works. 
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Our Scientific hesponse 


By Dr. James R. Killian, Jr., Special Assistant to the President for Science and Technology 


Faced with powerful evidence of Soviet 
Russia's desire to excel in military 
technology, U.S. citizens must realize 
that intellectual achievement is just as 
important to survival as material pros- 
perity. To maintain the military strength 
needed to deter aggression, we must 
plan our scientific effort more con- 
sciously, mobilize and cultivate all our 
talents. 











America’s technological leadership depends on 
many factors, not the least of which are the 
values, motivations and attitudes of the Ameri- 
can people. Let me list and examine some of 
these factors which I consider to be most impor- 
tant to our leadership today and most relevant 
to the theme of this issue of the QUARTERLY. 


I would make clear at once my conviction 
that the United States today is strong in its 
technology and growing stronger, and that more 
first-rate work is now done in the sciences in this 
country than anywhere else in the world. There 
are aspects of science and technology in which 
other countries excel, but taking the whole sweep 
of these fields, I see no evidence that any country 
yet excels the United States. 


I do see ample evidence that the Soviets aspire 
to excel, that their rate of progress and their will 
to exceed may now be greater in some fields than 
ours, and that we face a technological contest 
that will challenge our best effort and require a 
strong sense of purpose in the years ahead. 
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“I do see ample evidence that the Soviets aspire to excel. . . 


No let-down in our efforts 


We must not deceive ourselves, then, about 
the increasingly exacting demands upon our will 
and strength yet to be imposed by the military, 
economic and ideological competition of the 
Soviet Bloc—a competition that will permit no 
foreseeable let-down in our efforts to maintain 
and augment the military strength that will 
deter war, that will require of us not more com- 
fort and leisure but self-denial and hard work 
and a recognition that intellectual achievement 
is as important for survival as a high standard 
of living and material prosperity. 


If we are to survive and win this contest 
ahead, we must plan our national scientific effort 
more consciously and with a greater recognition 
of national goals and needs. We must mobilize 
and cultivate all of our talent and we must 
achieve a more pervasive emphasis on excellence 
and high performance. Specifically, we need to 
give attention to the following: 

1) We need to strengthen our engineering. 
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Engineering has a pivotal responsibility in our 
total technological effort and as this effort be- 
comes more sophisticated, technology needs to 
draw more heavily on science and we must have 
engineering education and practice equal to this 
new and more demanding complexity. We need 
more engineering research in our engineering 
schools, and more strong graduate schools of 
engineering—not only because we need more of 
this kind of research, but because we need more 
engineers deeply nurtured in the atmosphere of 
research. 


More attention to quality 
2) We must give more attention to the quali- 
tative aspects of our research and development 
effort. Because research is so fatefully important 
to our safety and welfare and to the stability 
and advancement of our economy and because 


our investment it 


it has become so great we 
must be more critical in praising its quality. 
Today industry and government and non-profit 
agencies together expend $10 billion or more a 
year for research and development. Are we get- 
ting our money’s worth? More importantly, is 
this great research and development effort, which 
may not yet be large enough, as creative and 
productive as we can make it? We can no longer 
accept all research on faith or believe that re- 
search, just because it is called research, is bound 
to be good. We must more generally recognize 
that first-rate research depends upon first-rate 
researchers—people working with a sense of mis- 
sion and in a favorable environment—and that 
numbers can never substitute for quality. 


) 


3) The quality of our national research effort 
also depends on the proper allocation of effort 
and funds among the several categories of re- 
search and development. We now give too much 


emphasis to development and too little to basic 
research. 


(4) We must also give more attention to sup- 
porting research—the kind of research that is 
sometimes called engineering research or sub- 
systems research. After observing many research 
and development programs, I am sure that we 
would avoid costly mistakes and hardware de- 
velopment if we saw to it that the supporting 
research was done more thoroughly. As the head 
of one of our great companies recently observed, 
‘The cost of development is far greater than the 
cost of research, and if a big development gets 
off on the wrong foot, the price is terribly high.” 


Need for new capital 


(5) We must look to the provision of ade- 
quate capital equipment for scientific research. 
Industry has been more successful in meeting 
this requirement than other kinds of research 
sponsors. Many research institutions, particu- 
larly educational institutions, however, face mas- 
sive needs to modernize scientific facilities, both 
equipment and buildings. As science has pro- 
gressed, its needs for equipment and instrumen- 
tation have become greater and obsolescence 
has grown more rapid. Nuclear physics requires 
an increasingly large and expansive number of 
machines. Meteorology requires the means for 
global observations. Materials research will re- 
quire a new scale of equipment. It is increasingly 
clear that new scientific capital will be needed 
by both public and private institutions as we 
prepare to move ahead in these and other im- 
portant scientific fields. 


6) We must recognize that there are certain 
areas of both pure and applied scientific research 
where there is inadequate effort which would 
benefit from national planning. A good current 
example is the broad field of the earth sciences. 
The scientific community has made clear the 
opportunities and needs which face us in the 
field of space science, oceanography and meteor- 
ology. There is a growing realization that we 
need to achieve a better understanding of the 
earth and its surrounding environment. By 
achieving this greater scientific understanding, we 
can further the development of new technology 
which may permit us, with our greater degree of 
understanding of the weather, to counteract the 
depletion of the water table, to obtain more 
protein from the earth and to find new mineral 
resources. 


Another example where we need a more con- 
certed effort in the applied area of research is in 
the field of materials, particularly high-tempera- 
ture materials. In order to make headway in 


materials research, we need one or more centers 
where a coordinated approach can be made. 


7) We need to enhance the quality and 
strength of our education. I will not dwell upon 
this need since sO many voices, including my 
own, have been emphasizing it. I will say that I 
hope we will soon translate some of the talk 
into action and that we will again, as the Soviets 
are doing today, demonstrate a great passion 
for learning and a great national zeal for intel- 
lectual achievement. 


8) We must be concerned with the attitudes, 
values, and motivations which have given vigor 
to our technology and which are important to 
its continuing strength. 

Determination rather than determinism 


So far our society has demonstrated a sus- 
tained eagerness to find better ways of doing 
things. We have forged ahead because we wanted 
things to change. The revolution of modern 
man—the revolution which has found its fullest 
expression here in the United States—lies essen- 
tially in this: it is a revolt against things as they 
are when there are ways of doing things better. 
It is a revolution based upon determination 
rather than determinism, upon constructive dis- 
content rather than disruptive discontent. It is 
a revolution against all the forces which hinder 
man in building a better life. Science has had a 
major part to play in shaping this basic American 
faith in creative change and improvement. 


The course of our nation has been deeply 
affected by the tenet, very early embraced, that 
nature could be put to work for the benefit of 
man and that it is possible to wrest from nature 
a range of benefits to meet the needs of our 
people—that science and technology provide a 
means to advance the welfare of our people and 
that this has been a better way to progress than 


through radical social change or ideological 
nostrums. 


I do not suggest that we have any warranty, 
expressed or implied, that progress is inevitable 
or immutable; I only describe the deep-rooted 
American belief that progress is an achievable 
and worthy goal. I reflect my own intuitive be- 
lief that man has the capacity greatly to im- 
prove himself and his society, and that pessimism 
and “‘status quo-itus”’ are deficiency diseases of 


the human spirit. 


Progress toward a nobler society 


Today we hear voices of doubt and pessimism, 
decrying or questioning the concept of progress. 
The increased currency of such phrases as the 
“illusion of progress’ and the “corrosive effect 
of materialism’ reflect an array of attitudes 
challenging the power of reason and the actuality 
of progress. Technology and science are attacked 
as contributing only to the convenience and 
comfort of life and not to its quality. In men- 
tioning this attitude of doubt and pessimism, it 
is not my purpose to debate the philosophical 
considerations on which they rest. My purpose 
is to express my contrasting faith that we can 
continue to draw the blueprints of a still nobler 
Society materially and spiritually, and that we 
can direct our advancing science and technology 
toward the realization of those plans. 


If research is to continue to flourish and to 
give vigor and growth to our economy, these 
traditional American beliefs in the validity of 
progress and creative growth become increas- 
ingly important. They are the wellsprings of 
that zest and audacity which have characterized 
our research and our economy in the past and, 
God willing, will continue to characterize them 
in the future. 











In 1958, U. S. Research and Development expenditures will total 


2.3% of the gross national product. R&D is big business... 


and must be run on a sound and businesslike basis if we are 


to realize maximum technological progress .. . 


HOW TO ACHIEVE FASTER 


Y 7 P y* . ’ ’ . 
By C. W. LaPierre, Vice President and Group Executive, 
Electronic, Atomic and Defense Systems Group, General Electric Company 


A long time before World War II, Alfred 
North Whitehead wrote: “It is the business of 
the future to be dangerous; and it is among the 
merits of science that it equips the future for 
its duties.” 


The challenges of the Cold War, the needs of 
defense and of our economy, the hopes and 
aspirations of our expanding population and of 
peoples all over the world are placing a prodi- 
gious demand on our scientific resources. 


In facing the problems of maintaining the 
maximum rate of technological progress, which 
is essential to the achievement of United States 
goals, it is important to have a clear idea of the 
process by which we get both our civilian goods 
and our military weapons and systems. Lack of 
understanding leads to too high expectations 
and too great recriminations by the public, to 
curbs and restrictions and the elaborate 
prevention-of-mistakes machinery which we call 
red-tape, and to the tendency to seek political 
solutions to what are basically technological 
problems. 


What are some of the factors which must in- 
creasingly be taken into account in planning, 
organizing, and administering the work of re- 
search and development more effectively? In 
reviewing some of the things that have been 
written about the process of innovation, and 
from my own experience, the following would 
seem to apply and to offer some of the most 
fruitful approaches. I shall not distinguish here 
between civilian and military R&D because the 
actual technological part of the process is, or 
could be, basically the same for even the most 
complex of our new systems and super-systems. 


1. R&D is a business in itself, and a big business 
today. We are moving rapidly from a stage 


in which our economy was primarily affected 
by the products of innovation into one in 
which it will also be affected by the work of 
innovation itself—its investment in facilities 
and need for new capital, its payrolls, its in- 
creasing requirements for skilled manpower 
and high priority materials. The expenditure 
for R&D in 1958 will be about $10 billion. 
Using the $10 billion figure, this represents 
2.3 per cent of the predicted gross national 
product in 1958. 


It obviously follows that this work should 
be put on a sound and businesslike basis, and 
managed with skill and purpose, if we are to 
realize the maximum returns in terms of tech- 
nological progress and if we are not to produce 
serious dislocations in the economy itself. 


In R&D systems of today, and the super-systems 
of tomorrow, time and cost tend to increase, 
while the useful life of the product or process 
tends to decrease—because of accelerating tech- 
nological obsolescence. Some of our weapon 
systems take from seven to ten years from 
conception to operational availability. Up to 
half the time and cost of R&D in many pro- 
grams is taken up with: 


Successive reconsiderations after the need 
for the project and the technical approaches 
have been established. 


Trying to freeze into the work anticipated 
results, long before these have been demon- 
strated. The final results are almost never 
exactly as anticipated, but the project is 
already so frozen that it cannot be readily 
modified to meet the facts as they are 
discovered. 


This situation continues into production, 
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where it is all too often incredibly difficult 
and costly to make design changes at the 
first indication of need. 


Some or all of these functions are involved 
in the sound management of any R&D pro- 
gram. But it is only good business sense to 
look for the greatest savings where the great- 
est expenses are, and this is a fruitful field 
for exploration. 


R&D is a high-risk business. Some of the risks 
are technological—the risks of failure in un- 
dertaking to invent on schedule. But risks 
rarely come singly in our economy any more, 
and the technological risks are accompanied 
by economic, political, and public relations 
risks of a high order. We have already noted 
that the amount of resources that must be 
committed to a program is rising rapidly. 
Consequently, the price of error in failing to 
produce the right product at the right time 
may be not only the loss of our resources but 
also of the further capacity to correct our 
errors. In defense R&D, because of the con- 
stant glare of publicity that beats on all non- 
classified matters at each step of the process, 
the inevitable technical troubles that are en- 
countered in all innovation can lead to public 
discouragement and disillusionment and a 
loss of confidence in a company and its 
products. 


Industry invests in R&D of products for 
the civilian market because it is willing to 
take the risk of being able to please the cus- 
tomer with new products. When a company 
is particularly successful in doing so, because 
of product innovations or improvements, the 
earnings are high enough to pay off many 
unsuccessful attempts. Industry would be 
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industry view 


equally interested in investing in R&D for 
defense if a similar climate prevailed. The 
considerable investment of many companies 
today in facilities that contribute to national 
defense should not be discounted. 


There is a need for bold innovation and deci- 
sion-making at every level of the R&D process. 


In selecting a program, it is important not 
to depend altogether on the degree of assur- 
ance of success that it can demonstrate. The 
freedom to advance into high-risk areas, with 
their corresponding high potential, is also 
vitally important. 


In developing the new product, or ‘‘plan- 
ning the innovation,” various possible routes 
to the goal will soon be encountered. Many 
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In a 1953 address, C. W. LoPierre, 
then Vice President and General Man- 
ager of G.E.'s Aircraft Gas Turbine 
Division, said: “If there is one thing that 
the past eleven years of building jets 
has taught us, it is not to put limits on the 
engineering miracles that can be ac- 
complished.” 

Today, Mr. LaPierre, now a General 
Electric Vice President and Group Ex- 
ecutive, applies the same philosophy of 
progress to General Electric's Electronic, 
Atomic and Defense Systems Group. 

Born in Jackson, Missouri, Mr. LaPierre 
attended the University of Missouri 
School of Engineering. In 1924, he joined 
the General Electric Company, and rap- 
idly gained recognition for his engineer- 
ing talents. In 1937, he received the 
Charles A. Coffin Award—G.E.'s highest 
recognition for outstanding service—for 
development of the photoelectric re- 
corder. 









































of these will be dead ends, for even optimum 
efficiency in innovation work is not very high. 
There is no substitute here for men with a 
demonstrated capacity for making the right 
decisions and, equally important, for detect- 
ing and correcting the inevitable mistakes 
before they get frozen into the design. Because 
there is always a shortage of such people in 
relation to the clear needs, a great deal can 
be done by seeing that each project team in- 
cludes individuals with a record of high ac- 
curacy in innovation work. 


5. The management of R&D is no less dificult 
and complex than the technical work of research 
itself. For this, the manager has a number of 
tools: 


Modern system analysis, based on elec- 
tronic devices, for more rapid evaluation 
and theoretical testing. This is particu- 
larly important in missile development, 
for example, for ground testing wears out 
a missile in hours. 


Decentralization, which places responsi- 
bility and authority for decision-making 


“It is not merely coincidence that only the free-wheeling imaginations of the 


BUCK ROGERS, 2430 A. D. k 














Current General Electric defense projects empha- 
size how bold technological innovations can pay 
off. Top. New J79 turbojet, which recently power- 
ed USAF Lockheed F-104A to world speed record 
of 1404.19 mph. Center. Nose cone for THOR 
intermediate range ballistic missile. Bottom. Revo- 
lutionary new controlled rectifier for application COPYMONT JONIN ¢ ONLLE CO, . 
in advanced missile guidance systems. 














is of 


on the people close enough to the problem 
to provide solutions born of understanding. 


But in spite of better methods and better 
organization, the need for correct decisions re- 
mains. All suecessful managers have one com- 
mon characteristic: they have at the right time 
in their lives made the right decisions. There is 


no alternative to success. 


Fortunately, we have on both sides of the in- 
dustry-military team a large number of people 
with a demonstrated capacity for making the 
right technological decisions. Since what they 
will be able to accomplish is in the long run 
affected by public policy, and economic and 
political decisions as well, there is no more im- 
portant job than increasing public understanding 
of the process that underlies both our national 
security and our welfare. 


With wise and effective management of our 
technological resources, there need be no ceiling 
on our progress. The only real ceiling sometimes 
seems to be the limits of our imagination. It is 
not merely coincidence that only the free-wheel- 
ing imaginations of the science fiction and comic 


books writers have had much success in fore- 
casting the future. 


Nor should we handicap ourselves with grave 
doubts and misgivings about the ability of free 
men in a free economy to out-plan, and out-in- 
vent, and out-produce a controlled economy. In 
a process which is basically concerned with pro- 
viding material goods and services, the best 
measure of success is how well it meets the 
over-all needs of the people it serves. Judged by 
this standard, the greatest technological prog- 
ress in recent decades has been made by the 
free nations of the world. If we continue to sub- 
ject our methods and our system to critical anal- 
ysis and appraisal; if we cut through red tape 
and prevention-of-mistakes machinery and re- 
strictive practices that put the brakes on inno- 
vation, to allow for continued bold technological 
leaps forward; if we make science and engineer- 
ing ‘“‘a splendid vocation” for young men and 
women; if we make the right decisions about 
the use of our scientific and technological re- 
sources—we can face the future, whatever its 
dangers, adequately equipped, confidently and 
without fear. 


the science fiction and comic books writers have had much success in forecasting the future.” 





Hancock Scores Bull’s Eye 
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UP IN) A DUST PAN/ LOOK Buck/ WE 
ONLY JARRED IT: 
SOMETHING FUNNY 
ABOUT THAT/ 


Comic-strip character ‘Buck 
Rogers” was utilizing atomic 
weapons as far back as 1930, 
when the strip at left appeared 
in newspapers across the U.S. 


Reprinted by permission of 
National Newspaper Syndicate, 
Chicago, Iilinois 


TO BE CONTINUED 
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At the Department of Defense, Dr. Paul D. Foote has a reputation for 
tireless effort (“He always comes in a little early .. 
and accessibility (“His door is always open.”). 

Assistant Secretary of Defense for Research and Engineering, Dr. Foote 
received his A.B. degree from Western University in 1909, an M.A. two years 
later from the University of Nebraska, and a Ph.D. in Physics from the University 
of Minnesota in 1917. 

He has spent most of his business life as a research physicist and executive 
for the Gulf Oil Corporation, retiring in 1953 as a Vice President. Since his 
retirement, he has been actively engaged in research consultation, and has 
worked closely with the National Academy of Sciences and National Research 
Council. He joined the Department of Defense in 1957. 


. and stays a little late.") 
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Enigma of Our Time 


Th: dramatic events of recent years have finally 
awakened the U.S. public to the importance of 
scientific leadership. Yet, there still exists much 
confusion about research and development 
work. For example: 


When is a project defined as ‘“‘development’’? 
What are research incentives for industry? for 
government? 

How much R&D should the nation undertake? 
Why is it harder to make R&D decisions? 


The year since the launching of the world’s 
first earth satellite by the Soviets on October 4, 
1957 might well be called ‘‘The Year of the 
Satellites.”’ This Year of the Satellites has been 
a year of challenge for all of us with responsibili- 
ties for national security and for the national 
scientific and technological posture. It is much 
too early to make an objective historical evalua- 
tion of the events since last October. However, 
one of the most significant features of the year 
was the public awakening to science that has 
surpassed anything previously experienced in 
our country. I would hope that we will have 
been left with some long time gains for science 
and technology after the superficial aspects of 
the national reaction have died out. I would 
hope that we will have developed some national 
patterns and points of view that will place re- 
search in its true perspective as related to our 
military and economic welfare. 


By Dr. Paul D. Foote, Assistant Secretary of Defense For Research and Engineering 


As scientists and engineers we believe we have 
an intuitive understanding of these matters be- 
cause of our day-to-day contact with them, but 
we are frequently at a loss for words to explain 
them to the layman. Even among ourselves we 
have used different definitions of such terms as 
basic research, applied research, and development. 


Defining research tasks 


Generally we understand research to be sys- 
tematic, intensive study that is directed toward 
the increase of scientific knowledge. This defini- 
tion does not limit research to activity in uni- 
versities nor does it preclude the term research 
from applying to work which is closely related 
to very practical problems motivated primarily 
by a commercial need or by a military 
requirement. 


In the process of defining tasks and identify- 
ing research work, it has been found convenient 
at times to divide research according to its pri- 
mary purpose. The term “basic research”’ is then 
applied to that research where the primary aim 
of the investigator is a fuller knowledge or under- 
standing of the subject under study. This defini- 
tion eliminates from basic research the numerous 
tasks undertaken with the primary purpose of 
application, although the nature of some of 
these tasks may place them close to the frontiers 
of the body of scientific knowledge. If basic re- 
search is separated from research, then the re- 
maining tasks are sometimes labelled ‘‘applied 





research.’ A definition which depends on the 
primary purpose of the investigator is highly 
subjective and may lead to confusion in appli- 
cation. The confusion is compounded because, 
under the definitions, basie research has the halo 
of purism while applied research tends to carry 
the connotation of commercialism. 


Development embraces the activity of apply- 
ing scientific knowledge to useful ends. It does 
not, in itself, push back the frontiers of knowl- 
edge but, rather, harnesses knowledge for the 
use of man. The end result may be a small and 
simple item like the proverbial mousetrap or may 
be vast and complex beyond the detailed com- 
prehension of one man, such as a modern bomber, 
or a transcontinental communications system 
serving millions of citizens. 


Development depends upon research 


Development depends directly upon research. 
One must continue to learn more about the 
fundamental nature of things to have the basis 
for development of useful products. Dr. Van 
nevar Bush, in “Science the Endless Frontier,” 
pointed out that the accelerated exploitation of 
the basic research resources in World War II 
resulted in the condition that in many fields 
engineers were, in effect, waiting for further 
basie research; in other words, we had used up 
our backlog of fundamental knowledge. The de- 


“‘In past centuries, the gifted individual, usually working alone... 






































pendence of development on research and the 
dwindling time-lag between basie research and 
development results in a suction effect by de- 
velopment upon research. 


Industrial organizations have great incentive 
to sponsor research in the anticipation of its 
profitable exploitation by development and 
production. Likewise, the government has a 
strong incentive, in fact an essential duty, to 
sponsor research in order to provide the basis 
for military developments, for health and medi- 
cine, for agriculture, and for other general wel- 
fare purposes. 


Role of the research center 


Research has been conducted by many per- 
sons in various walks of life. In past centuries, 
the gifted individual, usually working alone and 
often in an academic climate, made the epochal 
scientific discoveries. Franklin and Jefferson are 
examples of early American scientists. In recent 
years, however, more and more complex tools 
are required to make substantial strides, par- 
ticularly in physical research. For this reason, 
individuals without extensive facilities seem no 
longer able to make the major advances. Instead, 
there has been a transition to principal depend- 
ence on research teams in research centers. In 
many instances, the teams include specialists 


from several scientific disciplines who pool their 


made the epochal scientific discoveries... 


In recent years...there has been a transition to principal dependence on research teams in research centers.” 





Right: Remote mechanical arms that can disassemble 
a nuclear aircraft engine ‘‘bolt by bolt’ are an 
example of new tools required by today’s research 
scientists. 











efforts in attacking new problems. The research 
centers provide the tools and the supporting 
services. Basic research flourishes when complete 
freedom of inquiry is preserved. This condition 
is best met in academic institutions rather than 
in government and industrial laboratories, al- 
though there are notable exceptions in the latter 
type organizations. In contrast, applied research 
and development flourishes in industry and 
government. 


There are no formulae for determining the 
gross amount of research or development the 
nation should undertake in all its facilities. For 
an individual industrial corporation, a good rule 
of thumb shoud be: measure the amount of re- 
search and development projects and dollars in 
terms of the firm’s ability to capitalize manu- 
facturing facilities for R&D. A proper ratio 
would be several times that base amount in 
order to give the firm’s management a choice 
of products. 


For the general welfare, including the nation’s 
military needs, no simple rule applies. In an ideal 
over-all sense, there should be no limit other 
than our over-all intellectua] limit. So long as 
people suffer from disease, so long as they live in 
poverty with inadequate food and shelter, so 
long as we need a continuous flow of new weap- 
ons, the nation, through governmental actions 
of all kinds, must ensure an active research pro- 
gram. 


For military purposes, if all the promising 
ideas were carried through to operational sys- 
tems, the combined cost might well exceed the 


present gross national income. Nothing should 
be done that would discourage constructive and 
cooperative thinking and planning in the initial 
phase of any development. We need all the ideas 
that can be possibly conceived by the different 
services and contractors in order that the best 
may be selected. But selection must be made at 
the earliest possible time in order to stop costly 
duplicating applied development without dis- 
couraging multiple path approaches in the early 
stages of research and exploratory development. 


Decision-making grows more difficult 


Decision-making in engineering is becoming 
more difficult because of the exponential growth 
of technical knowledge. The number of engineer- 
ing choices in the electronic design for a fighter 
plane is estimated to have increased by a factor 
of more than 100 since 1945. Today, confronted 
with so many thousands of possible choices, it is 
usually necessary to require staff studies, sys- 
tems analyses, and operational research investi- 
gations to narrow the field to a manageable 
minimum. Often the attempt to render the best 
possible decision, based on sound engineering 
principles, results in an apparent delay of the 
program with accompanying criticism. 


In the present reorganization of the Defense 


Department we are striving in every way to 
understand these things better and to speed up 
our decision-making capability without sacri- 
ficing sound judgment and technological feasi- 
bility. This is a challenge to all of us in the Year 
of the Satellites. 
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ministrator of the National Aeronautics and 
Space Administration, America’s new civil- 
ian space agency. Previously, for 11 years, 
he was director of the Government's prin- 
cipal air research arm, the National Advisory 
Committee for Aeronautics, which last 
September became the nucleus of the NASA. 

An actively religious man, Dr. Dryden 
maintains that “the contributions of science 

. have made major contributions to our 
spiritual life.” He has held a Methodist local 
preacher's license since his student days at 
Johns Hopkins University (B.A., Ph.D.), and 
still finds time to deliver an occasional ser- 
mon at the Calvary Methodist Church in 
W ashington. 

During World War Il he led the develop- 
ment of the first and only U.S. guided mis- 
sile—the radar-homing “Bat'’—successfully 
used in combat. This achievement won him 
the Presidential Certificate of Merit. In 1946 
the Army awarded Dr. Dryden the nation’s 
second highest civilian decoration, the 
Medal of Freedom, “for his research and 
analysis of the development and use of 
guided missiles by the enemy.” 
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JASA Charter: 


no wasted effort 
...no wasted time 


By Dr. Hugh is, Dryden, Deputy Administrator, 


National Aeronautics and S pace Administration 


In fiscal 1959, America’s new civilian aeronautical and space 
agency will spend $301,500,000 for Research and Development 
Here, Dr. Dryden answers pertinent questions about this vital 
new force in U.S. space technology: 
e How does NASA differ from NACA? 
e How will its budget be spent? 

What are immediate NASA projects? 

What are NASA goals—and how far away are they? 
















































hardly 10 months 
after the first man-made satellite was put into 
orbit—the National Advisory Committee for 
Aeronautics will soon cease to exist, officially. 
Actually, except for the name, the nation’s 
agency most concerned with solution of the prob- 
lems of flight will continue to be very much alive. 
Its 8,000 scientists, engineers and supporting 
personnel and its $350,000,000 in research facili- 


As these words are written 


ties will serve as the nucleus of the new National 
Aeronautics and Space Administration. 

Early this year, George P. Sutton, president 
of the American Rocket Society, declared that, 
“Tf the U. S. becomes a second-rate nation in 
space flight, it will not be because we lack capable 
technical men or resources, but because we waste 
effort and time.”’ It will be the task of the NASA 
to marshal our technical talents to assure a first 
rate position for our nation in the exploration of 
space. It will be a grave responsibility of the 
NASA to assure that neither effort nor time is 


wasted in this undertaking. 


Assignment of responsibilities 


In blueprinting the organization to be respon- 
sible for America’s space program, the President 
and the Congress were in agreement about its 
character. As Senator Lyndon Johnson of Texas 
said, ‘‘There is no dispute here as to whether we 
shall have civilian or military control over our 
aeronautical and space activities. That control 
will clearly, in the traditions of our country, and 
in accord with the fundamental principles upon 


Dr. Dryden, left, with Mr. T. Keith Glennan, Admin- 
istrator of new National Aeronautics and Space 
Administration. Before assuming his present post, 
Mr. Glennan was President of Case Institute of 
Technology, Cleveland, Ohio. 


which our form of government flourishes, be 
civilian.”’ There was similar agreement that the 
Department of Defense should continue to be 
responsible for space matters which are primarily 
associated with the development of weapons sys- 
tems and with military operations. 

Great effort was devoted, in the writing of the 
National Aeronautics and Space Act of 1958, to 
provide language insuring that our space pro- 
gram be carried forward in a manner consistent 
with these beliefs. As a further protection, espe- 
cially in cases where differences of opinion might 
arise, a National Aeronautics and Space Policy 
Board was established to designate responsibility 
for aeronautical and space projects. The Board is 
to be headed by the President, and to include the 
Secretary of State, Secretary of Defense, Admin- 
istrator of the NASA, and Chairman of the 
A.E.C. There will be one additional member 
from Government and three from private life. 

The principal difference between NACA, as it 
functioned so successfully from its inception in 
1915, and the NASA, as it must operate to be 
successful, is one of scope. The NACA concerned 
itself with the problems of flight and their solu- 
tion. The NASA will continue to do research on 
the problems of flight, both within and beyond 
the atmosphere. It will have additional respon- 
sibilities in the space field, in research and de- 
velopment. These will include the development, 
construction, and testing of space vehicles and 
components. The NASA will also operate space 
vehicles for civilian or scientific purposes. 


New Atmosphere Entry Simulator is used by NASA 
to determine quickly and economically how specific 
airframe designs will survive re-entry. Gun-launched 
model flies at full re-entry speed, is subjected to de- 
celerations, stresses, pressures of actual entry. 


Continued shift in budget emphasis 

The fiscal 1959 budget of NASA, as provided 
in one of the final actions in the closing days of 
this session of Congress, will be about $301.5 
million. Of this amount, $104.5 million was 
appropriated for NACA, and will be used to 
continue work at our research centers in Virginia, 
California, and Ohio. The NACA research pro- 
grams as of July 1 (the beginning of the fiscal 
year) were divided about equally between space 
and aeronautics. It is expected the emphasis will 
continue to shift to the space side. The second 
block of NASA money for fiseal ’59, $117 million, 
is being transferred from the Department of 
Defense. The remainder, $80 million, is ‘“‘new 
money.”’ The total U. S. appropriation for space 
projects in fiscal 59, both civil and military, will 
be about $500 million. 


Except for that part of its program that will be 
financed by funds originally voted for NACA 
$104.5 million—most of the NASA space effort 
will be done by Government agencies, educa- 
tional institutions, and industrial concerns, under 
contract to the new space agency. Only about 
800 new employees will be added. 


The new agency—President Eisenhower 
signed the Space Act, and on August 19, Mr. 
T. Keith Glennan, president of Case Institute of 
Technology, was sworn in as Administrator—is 
reasonably well along in the planning of a co- 
ordinated program. Active planning was begun 
early in the year, and it includes work in space 
science, in space technology, and in the technol- 
ogy of manned space flight vehicles. 


Outer-space projects 

The work in space science will employ un- 
manned satellites, lunar probes, and such sup- 
plemental vertical probes as sounding rockets. 
In the planning of this part of the program con- 
sideration was given to the U.S. I.G.Y. earth- 
satellite and sounding rocket program; the 
Defense Department space satellite program, 
especially that under the direction of the Ad- 
vanced Research Projects Agency (ARPA); the 
satellite vehicles that can be launched in the 
near future, using rocket motors developed for 


Curved table, designed at NASA’s Ames Aeronauti- 
cal Laboratory, Moffett Field, Calif., demonstrates 
satellite orbit. Steel sphere, released from demon- 
strator’s hand, follows paths like that of descend- 
ing satellite, moves closer to Earth each circuit 











our ballistic missiles program, and finally, the 
scientific experiments recommended by the 
nation’s scientific community. 


One of the prime goals of the space-technology 
program is development of a rocket motor with 
1 to 1% million pounds of thrust. Such a motor 
would permit putting 40,000 pounds of payload 
into orbit around the earth or 10,000 pounds into 
an orbit that would circumnavigate the moon. 
It would permit a “soft landing’’ on the moon’s 
surface of 10,000 pounds, including 400 pounds 
of scientific payload that could be returned to 
earth from the moon. Development of such a 
rocket motor may cost $250 million. It will re- 
quire five or six years. Support is planned for 
development of high-energy fuels and nuclear 
engines for space propulsion and, on a longer 
time scale, such electric propulsion systems as 
ion jets. There are many other aspects of space 
technology that require and will receive prompt 
attention. 


Rocket motors developed for ballistic missiles 
are sufficiently powerful to put a man-carrying 
device into orbit at an altitude of 125 nautical 
miles, and by the time we are ready to take such 
a step into space, it may be expected the relia- 
bility of these motors will be up to the task. 
Meantime, such problems as launching and re- 
entry accelerations, re-entry heating, vehicle guid- 
ance, and vehicle stabilization must be solved. 


Work is already in progress on these problems. 


Payoff cannot be predicted 


During one of the recent hearings, I was asked, 
“‘what is the ultimate purpose of all this... what 
good will come out of it?’’ I could note the im- 
portant scientific data already being gathered, 
and point to the eagerness with which the scien- 
tific community awaits the opportunity to send 
more complex, heavier instrumentation into orbit 
to add to knowledge about the universe and, no 
less, about the earth. I could cite meteorology, 
communications, and astronomy as areas where 
use of satellites will provide an early payoff. 
Beyond that, I had to say, “‘The honest answer 
is that we are at about the same position with 
reference to space as the Wright brothers were 
on the airplane when they flew 120 feet. The 
honest answer is that nobody knows in detail.”’ 


I could have added that the Russians ob- 
viously believe that the payoffs in space explora- 
tion and space exploitation will be very great in 
political, scientific and military values. With this 
thought in mind, I recall and find pertinent, 
Churchill’s exhortation: ‘‘And then, let us to the 
task, to the battle and the toil—each to our part, 
each to our station—let us go forward together 
in all parts of the land. There is not a week, nor 
a day, nor an hour to be lost.” 


I am reminded too of those words from Brown- 
ing, ‘‘Ah, but a man’s reach should exceed his 


999 


grasp, or what’s a heaven for? 


Lightweight, inflatable satellites, designed by NASA scientists, will be used to measure characteristics of 


space. Satellites are made of micro-thin plastic covered with aluminum foil. 











Armed with the conviction that revolutionary strides in defense technology 
are vital to U. S. survival, ARPA plans to explore scientific concepts 
far beyond the horizons of today’s weapon system planners . 


Science and Survival 


By Roy W. Johnson, Director, Advanced Research Projects Agency 











Mr. Roy W. Johnson was born in 
1905 in Michigan City, Indiana, and 
was graduated from the University 
of Michigan in 1927. Most of Mr. 
Johnson's career, starting in 1930, 
was spent with the General Electric 
Company in various administrative 
capacities. He was Vice President 
and Executive Vice President from 
1948 to 1958. 

During World War ll he was asso- 
ciated with the War Production Board. 
The latter period of this tour of duty he 
was Director of Facilities Bureau. 

Effective April 1, 1958, he resigned 
from the General Electric Co. to 
become the first Director of the newly 
created Advanced Research Projects 
Agency of the Department of Defense 
in Washington, which, as its name 
implies, will direct specialized 
advanced research projects including 
military outer space and ballistic 
missile defense. 








As a nation, we simply cannot afford to be 
satisfied with weapon systems within our present 
capability. Accordingly, we must push the 
frontiers of scientific technology beyond our 
present horizons. In so doing, we will inevitably 
make our way into space. 


There is no question but that we must go to 
space as quickly as possible. We have learned 
enough about the USSR to be convinced beyond 
a shadow of a doubt that the Kremlin is seeking, 
first and foremost, Communist objectives in 
space. To these ends, the Soviet Union has em- 
barked upon a top-priority, well-integrated mil- 
itary, psychological and scientific program for 
control of space and, as a by-product, for control 
of the earth. 


Scope of responsibility 


We must regard this Russian program with a 
sense of vital urgency. As this urgency applies to 
national security, the Advanced Research Proj- 
ects Agency, as created, must fulfill its respon- 
sibilities to the Department of Defense and to 
the United States for insuring that important 
military applications of space and other advanced 
research are made available as soon as possible 
to the Free World. 


Advanced research is a vital facet of our na- 
tional security program. The Secretary of Defense 
has assigned the planning, managing, and ex- 
pediting of advanced research to ARPA to 
include: 

e Space Science Technology 

e Ballistic Missile Defense 

e Other Military Advanced Research and 
Development Projects 


In addition, ARPA has the responsibility for 
advanced projects of non-military nature until 
February 1959. 


Thus our objective is to provide expedited and 
“revolutionary” research programs which, in 
the past, have been retarded by the necessity 
for a stated military requirement. I say ‘“‘revo- 
lutionary” in the sense of separation from 
“evolutionary.” ‘‘Evolutionary”’ advances in the 











technological state-of-the-art generate from the 
military services’ day-to-day activities with new 
weapon system development. 


ARPA’s job is to take Paul Bunyan-like steps 
into the future... giant ‘‘revolutionary”’ strides 
into technological areas now unsolved and un- 
known, yet areas where ARPA believes the state- 
of-the-art will be in years to come. We must 
explore scientific programs and concepts which 
may have military applications even though we 
know, at the time of project assignment, that we 
cannot possibly foresee fruitful uses. We believe 
that the philosophy of “‘revolutionary”’ scientific 
advancement is a must if we are to survive! 

How ARPA works 

Once a program or project is assigned by the 

Secretary of Defense, here is ARPA’s charge: 


1] 


Scrutinize, analyze, formulate an R&D 
program ... before it is actually sponsored; 


~ 


2) Appraise swiftly the sum total of knowl- 
edge available to us .. . through proposals 
from industry, from government agencies, 
from universities, and from the various 
military services; 


Ww 


If these proposals cannot be applied, we 
search out new sources, through existing 
government channels or within ARPA it- 


self; 


1) From the infinite variety and combinations 
of possible solutions, ARPA selects one 
specific project . or those very few pro)j- 

ects ... offering greatest promise of meet- 

ing our program goals; and finally... 


5) Assign or contract by capability ...mean- 
ing, ARPA gives the task to the best 
qualified source. 


Today, our programs include the IGY series 
of satellite and lunar probe projects; ballistic 
missiles defense; solid propellants; large engines; 
military satellites; communications relay; and 
other exploratory projects. 


ARPA has a major contribution to make to 
national security. I believe that ARPA’s task 
should be and remain a technical managing Job. 


ARPA should review, program, expedite ad- 
vance research programs. Once an ARPA project 
has passed the research and development stage, 
it will be assigned to one or more military depart- 


ments or appropriate agencies for engineering, 
production, and utilization. 


Purpose: Faster progress 


I must emphasize that ARPA is not and will 
not be concerned with any project that has a 
stated operational military requirement prior to 
the start of planned development. By definition, 
such a project is not research; thus it is beyond 
control of ARPA. The purpose of ARPA is to 
accelerate the national technological status with- 
out having to prove an ultimate specified ap- 
plication. 


Also, I know that ARPA will and must rely 
heavily upon the varied capabilities of govern- 
ment, industry and education. ARPA must and 
will cut red-tape and costs which might other- 
wise hinder these necessary giant technological 
steps into the future. 


Partnership of science and security 


Military space research represents a great and 
serious challenge. ARPA, other research oriented 
agencies of the Department of Defense, edu- 
cational institutions, and industry are out to 
prove the value of our way of life in terms of 
military scientific progress. Unlike the Com- 
munists, we do not have to justify our Gov- 
ernment’s existence; we need not seek external 
expansion and internal repression to retain our 
form of government. However, our attributes are 
often beclouded in underdeveloped and neutralist 
areas of the world by a dazzling Communist 
advertisement space progress -regardless of 
how it is achieved. As a nation, the United States 
is committed to demonstrating that we can 
progress spacewards more rapidly under the free 
enterprise system than under the Communist 
slave-state ideology. 


But, so long as world relationships exist with- 
out the desirable qualities of sincere cooperation 
and friendship, scientific space progress per se is 
not enough. Science must be applied to national 
security needs in such a way as to guarantee that 
science for the benefit of all mankind may con- 
tinue. In other words, science cannot prosper 
without security. On the other hand, it is becom- 
ing evident that security cannot be attained 
without science. Within the Department of 
Defense, we in ARPA seek to enter these neces- 


sities into a long-lasting, mutually beneficial 
partnership. 




















By Dr. Witui1aM H. MartIN, 
Director of Re search and De elo} rile nt, 
Department of the Army 


In 1954, DR. WILLIAM H. MARTIN retired from 
industry, but over the weekend returned to his 
only ‘‘hobby’’ for the preceding 43 years: re- 
search and development. He first took on new 
responsibilities as Deputy Assistant Secretary 
of Defense (Engineering), and in 1955 as Di- 
rector of Research and Development, Depart- 
ment of Army. He is now in charge of all plans, 
implementation, and financing of research 
and development projects Army-wide. 


A former Vice President of the Bell Labora- 
tories, he was awarded a Presidential Certifi- 
cate of Merit during World War Il for his work 
in the development, design and evaluation of 
new military equipment. 


Dr. Martin received a Bachelor of Arts de- 
gree from Johns Hopkins University in 1909 
and a Bachelor of Science degree from MIT in 
1911. He received honorary degrees of Doctor 
of Science from Bethany College in 1956 and 
from Johns Hopkins University in 1957. He isa 
fellow of the American Institute of Electrical 
Engineers and of the Acoustical Society of 
America, a member of the Association of the 
United States Army, American Ordnance 
Association, Phi Beta Kappa, Theta Xi, the 
Cosmos Club and the Army-Navy Club. 


Foremost among the problems that must be solved 
if we are to increase effectiveness of military research 
and development: 1) cutting development lead-time, 
2) insuring adequate basic research, 3) streamlining 
procurement. In the following discussion, executives 
of Army, Navy and Air Force R&D each explore in 
detail one of these problems—and ways to solve it. 


Military Research and Development today 
has three main problem areas: 1) getting ade- 
quate basic research to supply the new concepts, 
2) selecting the weapons to be developed, and 
3) cutting the lead time in their development. 
Cutting lead time here means reducing the 
time interval between wanting and getting new 
military items. 

Since World War II, the cycle from initiation 
of the process for obtaining a new weapon, to its 
initial reception by troops, has often been 8 to 10 
years. The technology underlying weapon de- 
velopment is evolving so rapidly that, with an 
availability cycle of this duration, the new 
weapon is likely to be obsolescent when it be- 
comes operational. This cycle period, therefore, 
has got to be reduced. It can and should be 
of the order of 4 years or less for important 
weapons, 

Eight-stage availability cycle 

The cycle from concept to availability, includ- 
ing oniy technical factors and excluding authori- 
zation and funding procedures, can be divided 
into 8 stages: 

1. Establishment of a military requirement, 
or operational need, for a new item. Initially, 
this is expressed in general terms, with more 
definite objectives and characteristics result- 
ing from subsequent operational and tech- 
nical studies. 

2. Exploratory Development to determine 
the feasibility of likely ways of providing the 
needed item. Competitive multiple approaches 
as indicated by previous basic research are 
generally justifiable. Their exploration may 
require applied research to fill gaps in the un- 
derlying technology. From this exploration 
should come the selection of the preferred 
approach. 

3. Project Plan*, proposing and defining 
the design development for the new item, 
giving the information needed to promote its 
authorization, and estimating its support in 


*Sometimes called “Systems Engineering,”” but that term is con- 
fused with the concept of treating a new weapon on a system's basis. 



















resources, skills, facilities, and collateral 
activities. 

1. Design Development to provide the speci- 
fic design of the item to be produced. 

5. Initial Production of the operational 
material, 

6. Evaluation of the design and product to 
determine suitability for production and use. 
7. Support material for its operational use 
manuals and auxiliary equipment for instal- 
lation, operation, maintenance, training, etc. 

8. Modification of the design as determined 
by evaluation, production, and use. 


Integration can speed implementation 

These 8 stages can be, and often have been, 
treated as successive steps, each being completed, 
defined, and appraised before the next is started. 
This series treatment is in accord with a func- 
tional organization where management wants 
step-by-step authorization and approval. This 
progressive procedure takes time which can be 
decreased with skillful supervision and operation. 
Phase I: 

The first 3 stages —requirements, exploration, 
and planning——constitute the first phase of the 
cycle. When treated in series, they can take a 
year or two and sometimes more. They should 
affect each other and some concurrency of their 
consideration can foster resolution of their inter- 
actions. Such concurrency and resolution call 
for a project operation for the supervision of 
Phase I, which is responsible for seeing that the 
3 stages are completed with proper coordination 
and their results formulated without delay. 
Phase Il: 

The purpose of the second phase is to provide 
the item defined and planned in the first. In 
design development, the objective should be to 
get in the minimum time the optimum balance 
between the desired performance characteristics, 
the dictates of production for an item which can 
be produced economically with requisite quality, 
and the interests of the user in cost, operability, 
reliability, maintainability, and so on. 

The achievement of this objective calls for 
close coordination and concurrency in the prep- 
aration for production, evaluation, and provi- 
sion of the support material with the design de- 
velopment. This integration of the effects of 
stages 5, 6, and 7 into the 4th, should result in 


the minimization of the &th —modifieation. 





Dr. Martin at the desk he occupied as Vice President 
of Bell Laboratories. 


The prime method for achieving these objec- 
tives is to have the development organization 
responsible also for the preparation for produc- 
tion, the initial production, and the support 
material. In this arrangement, the development 
project manager must have ready direct access 
to competent specialists with proper authority 
representing the manufacturing and using agen- 
cies, sO as.to arrive at prompt decisions regard- 
ing adjustments required to meet the above 
development objective. 

This arrangement under management which 
is competent and experienced in this kind of 
operation, can and has saved years in arriving 
at an end item satisfactory to the user. Its use 
should be extended. Furthermore, the nation 
needs more industrial organizations with the 
skills and experience to manage, as prime con- 
tractors, both development and production of 
new weapons on the systems concept, which is 
directed to providing the equipment and support 
material which best meet the military user’s 
needs. 

“Optimum Funding” Rate 

One comment on funding is particularly rele- 
vant to the development procedure. A deter- 
mination can be made of the maximum rate of 
progress, for a development project, which can 
be attained with the available technology, skills, 
and facilities, without undue risk of faulty ac- 
tions. The funding to support this rate, the 
“optimum funding,’’ does not need to call for 
greater total resources than a slower rate of prog- 
ress. Important projects should be optimum 
funded. With today’s rapid advance in tech- 
nology, funding at a rate lower than optimum 
is reaching toward the buying of obsolescence. 


New Time Goals 

In the availability cycle, the following goals 
are proposed as feasible: for Phase I—definition 
of the development project —less than one year; 
for Phase II — provision of the developed item 

not more than three years; for Authorization 

although outside the scope of this discussion 
less than a year, it is to be hoped. 

The basic concept of the above procedures to 
cut lead time is the use of an organizational pat- 
tern which fosters concurrency in the considera- 
tion of the various related and diverse interests 
so that their interactions can be treated simul- 
taneously instead of serially, in arriving at a 
proper balance in a minimum time. 

The superior organization today is one which, 
within a functional pattern, has the flexibility 
and capability for establishing and operating a 
project agency, to carry through with expedition 
an important task the provision of a new 
weapon or any other critical job. 











By GARRISON NORTON, 
Assistar ; Secre tary of t} ¢ Navy Few A y 


Assistant Secretary of the Navy for Air, 
GARRISON NORTON has been flying for over 
35 years. At 58, he is still an active pilot. 
Although overage, he was accepted for Navy 
Flight Training during World War Il. At gradua- 
tion, the Commandant confided, ‘‘Norton, you're 
the oldest, baldest guy | ever pinned wings 
onto."’ Released from active duty in 1945, he 
holds the rank of Captain in the Naval Reserve. 

Mr. Norton received his B.A. from Harvard 
in 1923 and holds C.P.A. degrees in New York 
and Illinois. For 17 years he served as partner 
and general partner for the accounting firm of 
Arthur Young and Company. He was appointed 
Deputy Director, Office of Transport and Com- 
munications, Department of State in 1945, 
Director a year later, and Assistant Secretary 
of State in 1947. 

In 1951, he accepted the post of Consultant 
to the Secretary of the Air Force in the field of 
research and development, a position he held 
until his appointment to his present postin 1956. 


Some months ago the Chinese Communist 
Government startled its subjects by urging them 
to suggest new governmental policies. Mao Tse 
Tung stated that he wished to “let a hundred 
flowers bloom and a hundred schools of thought 
contend.” This surprising open-mindedness was 
short-lived and any unfortunate flowers that did 


bloom withered at once. Still, Premier Mao’s 


political announcement can hardly be improved 
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upon as a statement oO! souns 
‘ a 
any part of the world. 
After some « ight vears of close observa 
. r } } } 
Government research I am an ever more devoted 


member of the decentralized or what might be 


called the relaxed school of research directior 
Sa i . sai 
Administrator's responsibilities 
I consider that a Government research admin- 
istrator has five cardinal re spons bilities: 
1. He must obtain the services of the best 
men he ean find and afford to hire 






















































>» them the maximum freedom 
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in planning and executing their work and 
nage issie) 
oat tuotits 


provide them with the facilities he 
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3. He must assure that these men have the 
most open and complete communication 
that security regulations permit, both 
among themselves and with their ultimate 


customers. 


1. He must find the money to assure that 


they enjoy undisturbed continuity of re- 


search over rela ively long perioas oO me 

H ng xy er his rese irchers ne rees 
possible hand in carrying their work up 
through ne stage ol nitial de elopmen 

he must impose a ruthless selectivity o1 
further development of weapons systems 
lor it s at this point that competitive 


approaches cease to be exploratory, and 


s here that the taxpayers’ dollars really 


An outstanding difficulty of research adminis 


ration 1s tne nnerent uncertainty oO! the prod 
+ T } _ ' ) , | 
ict. No degree of planning and supervision car 
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eliminate tnis uncertainty. Successiul researc! 
y t ] t . + ’ 
‘ OS i S pring om ne nspliratior 
? ro neg | ry ’ t f ’ ? | 1) ] r 
¢ ery qa aeve LL1OT Ol a ( “ua U 
1) } ry 
OCC Onally O Smal group. Chere no ques 
on that pe 3107 ) a committee may expe 
dite product on of fully leveloned iten hiat 19 
1] I 1u i lully-developea ems, DU } 
“ — ae) . $ oe ae +o Ty 
researen the Oppo e iS IKely oO pe true he 
came I ee! ipt deser hed as norse n- 
e) ed com tt 
No predictable percentages 
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Pilot Norton (center) climbs from cockpit of Navy fighter. 


| 


SAE 








projects. The steady climb in specific impulse of 
these fuels has made feasible super weapons such 
as our own POLARIS. 

Competition inevitably develops between men 
working toward the same end, but it is equally 
true and just as important that cooperation also 
de velop hetween researchers who have a close 
knowledge of what others are doing; hence the 


importance of communications in research work. 


Scientists will incorporate the proven findings 
of colleagues into their own work, not because 
of any direction from above, but from a natural 


desire to save time and trouble. Thus individual 
men and whole laboratories turn to others for 


assistance in areas where they believe help will 


Cooperation among the services 


Nowhere is this cooperation and interchange 
more evident than in the relationships between 
research organizations of the three armed ser- 
vices. I would like to take this opportunity to 
dispel the disparaging concept of “‘interservice 
rivalry’ so popular with certain members of the 
pre and others who are not close to our efforts. 
In the research field we have innumerable out- 
standing examples of cooperation among the 
ervices. Witness the testing of guidance com 
ponents of Air Force ballistic missiles on the 
Navy sled track at China Lake, California. Later 
the Navy 
results in the development of our guidance for 
the Fleet Ballistic Missile. Does the Navy’s ex- 


tensive use of Edwards Air Force Base for test 


was able to use much of the Air Force 


ing of our high speed aireraft imply unhealthy 
“rivalry” or does the recent award by the Navy 
of the Legion of Merit to General Yates, Con 

mander of the Air Foree Missile Testing Center 
at Cape Canaveral, for his outstanding coopera- 
ion in the testing of our VANGUARD and 


POLARIS missiles at his facil 
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We intend to demonstrate similar cooperation 
on the Pacifie Missile Range, for which the Nav \ 
holds management responsibility. 

(nd again to quote from a recent letter from 
the Secretary of the Army to the secretary of 
the Navy, following the recovery of a JUPITER 
nose cone from the Atlantic: “I want to take 
this opportunity to emphasize that this magnif 
icent achievement was made possible solely be- 
cause of the dedicated and untiring efforts of 
your personnel.”’ 

Such cooperation cannot spring from any in- 
jurious rivalry. It reflects an atmosphere which 
no centralized overall direction can in_ itself 
create. 

Danger in concentrated control 

Dr. F. E. Terman, Provost of Stanford Uni- 

versity and recently Chairman of the Naval 


‘ 
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Research Advisory Committee, wrote me of a 


lengthy discussion within the Committee on the 
optimum organization of Defense research. I 
would like to quote from that letter. “It is our 
belief that one of the most dangerous things to 
the security of our country that could occur 


would be to attempt to concentrate the control 





of all basic research of the military in a single 
office, irrespective of where this office was located 
in the Department of Defense organization or 
how well run. Research flourishes in diversity, 
and over-centralization will stultify it.” 

The simple fact is that research is an unpre- 
dictable and hence an untidy business which 
operates best by its own laws, with a minimum 
of direction and supervision. Close reviews and 
periodic progress reports can reduce the number 
of surprises, but so can a policy of digging up a 
plant from time to time to check on the growth 
of its roots. Research is a subtle process that 
must be patiently nurtured; if you want it to 
grow you must leave it alone. 





By RICHARD E. HORNER, 
{s: is fant Seere hary Ol the A r Fy reeé 
Re earch and De elopme nt 


At 40, RICHARD HORNER is one of the young- 
est men ever to hold the office of Assistant 
Secretary of the Air Force for Research and 
Development. A pilot during World War Il, he 
was awarded the Silver Star, the Air Medal 
with Four Clusters, and the Presidential Unit 
Citation. 

Dedicated to the Air Force and R&D, he holds 
a B.S. in Aeronautical Engineering from the 
University of Minnesota (’40) and M.S. from 
Princeton University ('47). He does not take 
staff people to meetings because he ‘“‘has it all 
in his head.”’ An occasional golfer, Mr. Horner 
will play only when he has someone along 
that can talk R&D. 

Released from active duty in 1949 with the 
rank of Colonel, USAF, he served in a civilian 
capacity as Technical Director of the Air 
Force Flight Test Center, Edwards Air Force 
Base, California. In 1955 he was assigned as 
Deputy to Assistant Secretary of Air Force 
for R&D and was appointed to his present 
post on July 1, 1957. 

Approximately 90 per cent of the Air Force 2! 
billion dollar Research and Development pro- 
gram is accomplished by contract with private 
industry, universities, and nonprofit institutions. 
The contracts range from small dollar ones, pay- 
ing for the activity of q single investigator doing 
basie research work in a university, to multi- 
million dollar contracts for development of ex- 
tremely complex systems such as the B-58 or 





‘0 or ATLAS missile. This very great rellance 
lions Outside the Air Force creates at 
obviously crit cal need for effective contractual 
Instruments for securing and utilizing the services 

f r econtractors in doing recearch and deavelan- 
OI Our contractors in adoing researecn and develop 
ment for the Air Force. An examination of our 
] 4 


present methods leads to 


mprov- 


Is an area offering great \} 


ing Air Force R&D. 
Cost-plus-fixed-fee vs. fixed-price 





Most of our RED contracts are cost-plus-fixed- 








plus-hxed 
lee contracts. Th S t\ pe ot contract Was cle one d 
to make it possible to buy the inknown, an ever 
present though highly variable ingredient i 
R& | ), OF 1 conser itive manage ible MaASIS It 
Vas a necessary nvention, since we ire ele irl 

unable to know prec sely Vnat \ ] ne der ved 
from an R&D effort in advance of procurement 

to tne extent necessar oO de é Op the detailed 
specifications require 1 tor competit e | dding 
and contract award on a fixed-price ba Ihe 
latter, of course, s the venera preterre 1 method 
of CGovernme} t proe lrement nee the (;0 er? 

ment derives the benefits of free compet on and, 
at the same time. is saved from loss as i result 
ot anv contractor pe rforn nee la ] lré 1) the 
per alt cla ses usua neorporate d mn tne cor 

tract fixed-price contract also provides at 
neentlve Oo t he contractor sinee ne tree to 
nerease his pro! n % much as he car 
vithin the price taking advantage of 
any reduct on in cost or innovations he ible to 
n ake during the course ot the contract By con 
trast, the cost -plus-fixe d-fee contract it tself 
offers ] ttle neent e or penalty tor cost control 


or performance. 
The fac 
} 


is negotiated, rather than freely bid, does not 


‘t that the cost-pl is-Nxed-lee contract 


mean the absence of all competition. On the 
contrary, we strive to engage as much of it as we 
, 


can in seeking and evaluating contractor pro- 


posals for R&D work. In most cases, after ar 


extremely detailed evaluation of competing pro- 
posals for a giver project, as ngle contractor 
lected ;: t} r , y » leale 4 - 
serected as le OFrganiZation MOSt IlKely to pro- 
duce the desired results and the Air Force 
i . ; : 
negotiates cost-plus-fixed-fee contract with that 


very important developn ents 





veral significantly different but 
very promising a} proaches toan R&D proble nN 
we frequently execute contract Wit h two or more 
contractors and then terminate all but one of the 
; 


contracts at a later point in the development 


cycle, when it is possible to determine which ap- 
proach is going to have the best payoff. It is 
unfortunate that the ever increasing complexity 
and cost of the new weapon systems generally 


» > q } 
make necessary an early termination ot the com- 


petition between contractors n order to con- 
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serve Air Force de good 


economic sense, it alWays result In the 
' “17 . P +} 
best possible R&D e, since tree competi- 


ion 1s a wonder! 
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s to improved results. 
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Rewards and penalties 


Cor siderable thought has been given to this 


problem of R&D contracting in an effort to de 
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Assistant Secretary of the Air Force Horner (center) 
after test hop in USAF F-102. 





i ort ble met} od oll corporating ten 
Ot re ra nd per ilties nto the basic ¢ I 
T1Xeé | ee contract to make tamore ay? ? ( na 
eff ec ¢ nstrumel (One ot the first refine ent 
tne qaaitior ysome contrac Oot ar neent é 
ormu Haase m contracto control of co 
nic? the contractor na tne Air | ree i r 
l i nvs made ove esti! ite oO! i predeter 
l ned percentage ()t course in empna 
on cost ye t t n ortant la to y? aer 


the most sivnificant obleetive ot the R&D co? 


tract, namely the R&D result. In consequence 








the next logical step s to nelude 1 contract 
formula designed to reward the contractor for 
meeting Iperlo predetern ned tandarda O! 
roal ove;r i! | LHDoveE the norn il] expected e1 qd 
re ] contract perlormar er required 
} the contract. Such a iv consider 
ich things is qual t of end products mplicit 
nf operatior ease Of maintenance, accelerated 
delivery, and the like 


Performance incentive formula 
Over the last two years, the Air Force has 
developed and applied a performance incentive 


formula to one of the major weapon systen 


om : : ' 
contracts. This f 1ula includes incentives and 
: | | 
utlies applica to cost contro end iter 
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performance, and delivery schedules. A cost cor 


; : 
trol incentive Is a necessary Ingredient in a co! 

; ; 
tract of this type in order to maintain a balanced 
management effort Since t mignt cleari He 

] + 


heations at ur acceptable cost to the Air Force 
Since performance is determined at the end of 
the contract, it Ss not possible to report tne 
results of this contract experiment at this time 


but the incentives which are built into the cor 


tract are very dynamic forces oper 





ulate improved contractor performance and the 


development of a Superior weapon system [or 
the Air Force. 
The performance incentive contract is ob- 


viously not simple to administer and for this 


ie Air Force is proceeding slowly and 


7 


with some caution, rather than launch ny intoa 
mass change. We do not Want to create an ad- 
ministrative monster. We do not want to create 
more problen S thar ve can solve. Wt it we do 
want Is to create a contractual climate which wv 


reward success, penalize failure, and in the proc 


: 
ess motivate our contractors to apply their 
talents and ingenuity to giving the Air Force the 


best possible R&D result. 
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